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A SEMICONDUCTOR DEVICE HAVING A DOPED 
LATTICE MATCHING LAYER AND A METHOD OP MANUFACTURE . THEREFOR 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention is directed, in general, to a 
semiconductor device and, more specifically, to a semiconductor 
device having a doped lattice matching layer, a method of 
manufacture therefor and an integrated circuit including the same. 

BACKGROXJND OF THE INVENTION 

[0002] The advent of the integrated circuit has had a 
significant impact on various types of communication devices. The 
integrated circuit has been incorporated into both radio frequency 
applications and high speed communication network systems. While 
operation speeds of these communication devices have dramatically 
increased, the demand . for yet faster communication devices 
continues to rise. Thus, the semiconductor manufacturing industry 
continually strives to increase the overall speed of the integrated 
circuit. 

[0003] One way in which the semiconductor industry has increased 
the speed of the integrated circuit is to continue to shrink the 
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size of the transistor. Over the last few years, the device size 
of the transistor has gone from 0.5 /urn to 6.32 lum to 0.25 fm and 
now transistor device sizes are heading to the 0.10 /jm range and 
below. With each decrease in size, however, the semiconductor 
industry has faced new challenges. 

[0004] One of such challenges is that of reducing parasitic 
capacitance. As transistor geometries shrink, the time delay of 
signals propagating through the transistor are heavily influenced 
by the various parasitic capacitances inevitably associated with 
the structure, when fabricated according to the current state of 
the art. ' One of the principal remaining elements of transistor 
capacitance is the source-drain to substrate capacitance. This 
junction capacitance, as a function of area, is increasing as the 
technology advances. This is in. part because one of the principal 
known failure mechanisms of a short channel transistor is 
controlled through the use of increased well doping. However, 
increased well doping reduces the diode depletion layer thickness 
in the well, which increases unit capacitance, 

[0005] Another challenge is reducing ''cross- talk. " As is well 
known, cross-talk results when electrical noise, created by 
transistor devices, travels through the capacitive coupling of the 
substrate and negatively. affects the performance of other devices 
on the chip. Though cross-talk has been a well-known phenomenon, 
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up- until recently it was of less concern. However, as a result of 
the use of multi-gigahertz operating frequencies in today's RF 
devices, the significance of cross- talk has increased dramatically! 
In addition, with the increase in packing density and decrease in 
device size, transistor devices* are being manufactured on the same 
chip and closer and closer together, which increases the relative 
magnitude of the cross-talk problem. Thus, as . a result of the 
increased packing density and the decreased device sizes, both 
taken in conjunction with the cross-talk problem, device 
performance and integration issues are . becoming increasingly 
problematic. 

[0006] The semiconductor manufacturing industry currently 
attempts to provide a solution to these problems by positioning a 
highly doped buried layer between the epitaxial silicon layer and 
the bulk substrate. However, current manufacturing processes for 
the highly doped buried layer require the use of a very high dose 
. ion implantation, as well as a high current implanter and very high 
thermal budget. The use of the very high dose ion implantation 
generally leads to high stress at, the bulk substrate-epitaxial 
silicon layer interface., 

[0007] The high stress at . the bulk substrate-epitaxial silicon 
layer interface also results in misfit .dislocation formation and 
defects at interface. The vast differences in dopant concentration 
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and lattice size between the buried layer and the epitaxial silicon 
layer, generally results in the above identified problems. For 
examplei it is known that adding boron to silicon causes lattice 
contraction, many times at a rate of 0.014 Angstroms/atomic % 
boron. The interfacial lattice mismatch may then, in the presence 
of the high temperatures required to complete the semiconductor 
devices, turn into mobile extended lattice defects. 
[0008] Accordingly, what is needed in the art is a semiconductor 
device that experiences many of the benefits associated with using 
the diffused buried layer, without the aforementioned drawbacks. 
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SUMMARY OP THE INVENTION 



[0009] To address the above -discussed deficiencies of the prior 
art/ the present invention provides a semiconductor device and an 
integrated circuit including the same. The semiconductor device 
may include a doped buried layer located over a doped substrate and 
a doped epitaxial layer located over the doped buried layer. The 
semiconductor .device may further include a first doped lattice 
matching layer located between the doped substrate and the doped 
buried layer, and a- second doped lattice matching layer located 
between the doped buried layer and the doped epitaxial layer. 
[0010] The present invention further provides a method of 
manufacturing a semiconductor device. The method may . include 
forming a first doped lattice matching, layer over a doped 
substrate, creating a doped buried layer over the first doped 
lattice matching layer, producing a second doped lattice matching 
layer over the doped buried layer, and pilacing a doped epitaxial 
layer over the second doped lattice matching layer. In one 
advantageous, embodiment, the first doped lattice matching layer, 
doped buried layer, second doped lattice matching layer, and the 
doped epitaxial layer are formed using a chemical vapor deposition 
process, all of which may be performed- in a single deposition 
chamber. 



[0011] The present invention additionally provides, an 
alternative semiconductor device, method of manufacture therefor, 
and an integrated circuit including the same. The semiconductor 
device,, in one embodiment, may comprise a co-doped germanium buried 
layer located over a doped substrate, and a doped epitaxial layer 
located over the co- doped germanium buried layer. 
[0012] The foregoing has outlined preferred and alternative 
features of the present invention so that those skilled in the art 
may better understjand the detailed description of the invention 
that follows. Additional features of the invention ^will be 
described hereinafter that form the' subject of the claims of the 
invention. Those skilled in .the art should appreciate that they 
can readily use the disclosed conception and specific embodiment as 
a basis for designing or modifying other ' structures for carrying 
out the same purposes, of the present invention. Those .skilled in 
the art should also realize that such equivalent constructions do 
not depart from the spirit and scope of the invention. ■ 
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BRIEF DESCRIPTION OP THE DRAWINGS 

[0013] The invention is best understood from the following 
detailed description when. read with the accompanying FIGURES, It 
is emphasized that in accordance with the standard practice in the 
semiconductor industry) various features are not drawn to scale.. 
In fact, the dimensions of the various features may be arbitrarily 
increased or reduced for clarity of discussion'. Reference is now 
made to the following descriptions taken in conjunction with the 
accompanying drawings, in which: 

[0014] FIGURE 1 illustrates one embodiment of a semiconductor, 
device, constructed in accordance with the principles of the 
present invention; 

[0015] FIGURE 2 illustrates a cross-sectional view of a 
partially completed semiconductor device, which is in accordance 
with the principles of the present invention; 

[0016] FIGURE 3 illustrates a cross-sectional view of the 
partially completed semiconductor device illustrated in FIGURE 2, 
after formation of a doped buried layer over a doped substrate; 
[0017] FIGURE 4 illustrates a cross-sectional view of the 
partially completed semiconductor device, illustrated in FIGURE 3, 
after formation of a third doped lattice matching layer over' the 
doped buried layer; 
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[0018]. FIGURE 5 illustrates a cross -sectional view of the 
partially completed semiconductor device illustrated in FIGURE 4, 
after formation- of a doped epitaxial layer over the doped buried 
layer; 

[0019] FIGURE 6 illustrates a cross-sectional view of the 
partially completed semiconductor device illustrated in FIGURE 5, 
after partial formation of transistors; 

[0020] FIGURE 7 illustrates a cross-sectional view of an 
alternative embodiment of a semiconductor device, which is in 
accordance with the principles of the present invention; and - 
[0021] FIGURE 8 illustrates a * cross-sectional view of a 
conventional integrated circuit (IC) , incorporating a device 
similar to the completed semiconductor device illustrated in FIGURE 
1. • . 
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DETAILED DESCRIPTION 

[0022] Referring initially to FIGURE 1' illustrated is one 
embodiment, of a semiconductor device, generally designated 100, 
constructed in accordance with the principles of the present 
invention. In the illustrative embodiment shown in FIGURE 1, the. 
semiconductor device lOO^includes a doped buried layer 130 located 
over a doped substrate .110. The doped substrate 110 may be any 
layer located in an integrated circuit, including a layer located 
at the wafer level or above.. The semiconductor device 100 may 
further include a doped epitaxial layer 150 located over the doped 
buried layer 130. 

[0023] Also located within the semiconductor device 100 are a 
first doped lattice matching layer 120 and a second doped lattice 
matching layer 140, As used herein, the term- "doped lattice 
matching layer" refers to a layer whose crystalline structure 
substantially matches the crystalline structure on which it lays, 
such that lattice defects between the layers are substantially 
reduced. It should be noted that many of the lattice. defects arise 
because of lattice mismatch between the. various layers . 
[0024] In the illustrative embodiment shown, the first, doped 
lattice matching layer 120 is located between the doped substrate 
110 and the doped buried layer 130. Additionally, as shown, the 
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second doped lattice matching layer 140 is located between the 
doped buried layer 130 and the doped epitaxial layer 150. It 
should be noted that first and second doped lattice matching layers 
120, 140 may be single layers, or multiple layers as illustrated. 
[0025] In one advantageous etnbodiment of the present invention, 
the first doped lattice matching layer 120 may have a first dopant 
concentration that is less than a dopant, concentration of the doped 
buried layer 13 0, however, more than a dopant concentration of the 
doped substrate 110. Likewise, the second doped lattice matching 
layer 140 may have a second dopant concentration that is less than 
a dopant concentration of the doped buried layer 130, however, more 
than a dopant concentration of the doped epitaxial layer 150. The 
first and second dopant concentrations need not be equal to one 
another, however, in one advantageous embodiment they are. 
[0026] Located over, the doped epitaxial layer 150 are 
conventional transistors 160. In the illustrative embodiment shown 
in FIGURE 1, each of the transistors 160 includes a transistor gate 
165, having a gate oxide 167 and a gate electrode 169. The 
transistors 160 may further include a channel region 170 located in 
the doped epitaxial layer 150. Additionally, the transistors 160 
may includie source/drain regions 180. Located between the 
transistors 160 are conventional isolation structures 185. While 
transistors have been shown, it should be understood that the scope 
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of the present invention is applicable with any other type of 
semiconductor devices that* benefit from doped buried layers. 
[0027] The placement and use of the first and second doped 
lattice matching layers 120, 140, as well as the decrease in dopant 
concentration from, the ■ doped buried layer 130 to the first and 
second lattice matching layers 120, 140, helps to reduce lattice 
mismatch between the doped substrate 110 and. the doped buried layer 
130, as well as between the doped buried layer. 130 and the 
epitaxial layer 150. This reduction in the lattice mismatch helps 
produce a semiconductor device 100 that does not experience many of 
the problems experienced by the prior art devices. More 
specifically, the first and second lattice matching layers 120, 140 
help provide a semiconductor device that is more robust and 
reliable than the prior art devices. 

[0028] Turning now to FIGURES 2-6, illustrated are * detailed 
steps illustrating how a semiconductor device, similar to the 
semiconductor devices 100 shown in FIGURE 1, might be manuf actured. 
Turning to FIGURE 2, illustrated is a cross-sectional view of a 
partially, completed semiconductor device 200, which is in 
accordance with the principles of the present invention. In the 
illustrative embodiment shown in FIGURE 2, the semiconductor device 
200 includes a first doped lattice matching layer 220 formed over 
a doped substrate 210. 
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[0029] As previously recited,, the doped substrate 210 may be any 
layer located in an integrated circuit, including a layer located 
at the wafer level or above. The doped substrate 210, in an 
exemplary .embodiment, may include a p-type dopant, such as boron. 
In an alternative embodiment, however, the doped substrate 210 
could be doped with an n- type dopant.. In such an embodiment, all 
of the dopant types described herein, • would typically then be 
reversed. 

[0030] In one advantageous embodiment, the doped substrate 210 
is doped to a concentration ranging from about 1E14 atoms/cm^ to 
about 1E15 atoms/cm^, with a preferred value being about 5E14 
atoms/cm^. One skilled in the art understands how to form the 
doped substrate 210, including forming a doped silicon ingot and 
cutting the doped substrate 210 therefrom. Because the doped, 
substrate 210 may be formed using many conventional methods, no 
further discussion is warranted. 

[0031] As discussed above, formed over the doped substrate 210 
is the first doped lattice matching layer 220. The first doped 
lattice matching layer 220, which is preferably silicon, may be 
formed using any known or hereafter discovered process. However, 
in the illustrative embodiment shown in FIGURE 2, the first doped 
lattice matching layer 22 0 is formed using a chemical '■ vapor 
deposition (CVD) process. In an exemplary embodiment, • the CVD 
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process is conducted at a temperature ranging from about 950**C to 
about 1150°C and a deposition rate ranging from about 0,1 fum/min to 
about 0.5 //m/min. Various other manufacturing ranges are, however, 
within the scope of the present invention. Additionally, the first 
doped lattice matching . layer 220 may be formed having various 
thicknesses. For example, a thickness of the first doped lattice 
matching layer 220 ranging from about 0.1 /zm to about 0.3 //m may be 
particularly beneficial. 

[0032] The first doped lattice matching layer 220 may have. a 
variety of dopant concentrations, however, the dopant concentration 
of the first doped lattice matching layer 220 should generally be 
greater than the dopant concentration of the doped substrate 210, 
For example, when the doped substrate 210 has a dopant 
concentration ranging from about 1E14 . atpms/cm^ to about 1E15 
atoms/cm\ the first doped lattice matching layer 220 could have a 
dopant concentration ranging from about 1E15 atoms/cm^ to about 
1E19 atoms/cm\ and preferably a dopant concentration of about 1E17 
atoms/cm\ While specific dopant concentrations have been given 
for both the doped substrate. 210 and the . first doped lattice 
matching layer 220, the dopant concentrations may vary without 
departing from the scope of the present invention. 
[0033] In an alternative embodiment of the present invention, 
the first, doped lattice matching" layer "220 has a "dopant 
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concentration that is in the form of a dopant gradient. In such an 
embodiment, a dopant concentration of. the dopant gradient would be 
greater than the dopant • concentration of the doped substrate 210. 
The dopant gradient would typically be formed such that its lowest 
dopant concentration is adjacent the doped substrate 210 and its 
highest dopant concentration . is adjacent a doped buried layer 
(FIGURE 3). In other words, the dopant ■ concentration would 
gradually increase going from the doped substrate 210 to the doped 
buried layer (FIGURE 3) . 

[0034] In the illustrative embodiment shown in FIGURE 2, a 
second doped lattice matching layer 230. has been formed over the 
first doped lattice matching layer 220. The second doped lattice 
matching layer 230 may be formed using a similar manufacturing 
process as used to manufacture the first doped lattice matching 
layer 220. Actually, in one exemplary embodiment, the first doped 
lattice matching layer 220 and the second doped lattice matching 
layer 230 are each formed using a CVD process, with each CVD 
process being conducted in a single deposition chamber. In certain 
embodiments, the. only difference between the two CVD processes is 
the amount of dopant located within the chamber during each 
respective process. 

[0035] If used, the second doped .lattice .matching layer 230 
should have a dopant concentration greater than the .dopant 
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concentration of first doped lattice matching layer "220. For 
example, in an advantageous embodiment, the first doped lattice 
matching layer 220 could have a dopant concentration of about 1E17 
atoms/cra\ and the second doped lattice matching layer could have 
a dopant concentration ranging from about 1E17 atoms/cm^ to about 
1E19 atoms/ cm\ 

[0036] Similar to above, the second doped lattice matching layer 
230 may have a thickness ranging from about 0.1 fum to about 0.3 /^m. 
Additionally, the second doped lattice matching layer 230 may have 
a dopant concentration that is in the form of the dopant gradient. 
If used, the dopant gradient of the second doped lattice matching 
layer 23 0 would typically be formed such that its lowest dopant 
concentration is adjacent the first doped. lattice matching layer 
220 and its highest dopant concentration is adjacent a doped buried 
layer (FIGURE 3) . 

[0037] . Turning now to FIGURE 3, illustrated is a cross-sectional 
view of the . partially completed semiconductor device 200 
illustrated in FIGURE 2, after formation of a doped buried layer 
310 over the doped substrate . 210 . In the illustrative embodiment 
shown in FIGURE 3, the doped buried layer 310 is formed on the 
' second doped lattice matching layer 230. . While the doped buried 
layer 310 is shown formed on the second doped lattice matching 
layer 230, other embodiments may be different. For example,- if the 
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second doped lattice matching layer 230 were not used, the doped 
buried layer 310 might be formed on the , first doped lattice 
matching layer 220. 

[0038] The doped buried layer 310 may be formed using many 

conventional processes, including a conventional CVD or other 

similar process . . In one exemplary embodiment of the present 

invention, the doped buried layer 310 is a silicon layer and is 

formed using the same CVD process as used to form the first and 

second doped lattice matching layers 220, 230. Even more 

preferable, the doped buried layer 310 and first and second doped 

lattice matching layers 220, 230 are formed in a single deposition 

chamber. " . • 

[00391- The doped buried layer 310 may also.be formed to various 

. thicknesses, including a preferred thickness ranging from about 1 

fxm to about 10 jjm. Additionally, the doped buried layer 310 is 

preferably formed to have a dopant concentration greater than a 

* 

dopant concentration of both the first and second doped lattice, 
matching layers 220, 230. For example, in one embodiment, the 
first doped lattice matching layer 220 may have a dopant 
concentration of about 1E17 atoms/cm^ the second doped lattice 
matching layer may .have a dopant concentration of about 1E18 
atoms/cm^, and the doped buried layer 310- may have a dopant 
concentration ranging from about 1E19 atoms /cmV to about 1E20 
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atoTns/cm\ It should be noted that an important feature of present 
invention that has been described thus far, is that the dopant 
concentrations gradually increase as they approach the doped buried 
layer 310 . 

[0040] Turning to FIGURE 4, illustrated .is a cross-sectional 
view of the partially completed semiconductor device 200 
illustrated in FIGURE 3, after formation of a third doped lattice 
matching layer 410 over the doped buried layer 310/.. .The third 
doped lattice matching layer 410 may be formed using a similar 
process as used to form the first and second doped lattice matching 
layer 220, 230, For instance/ the third doped lattice . matching 
layer 410 may be formed to a thickness of about 0.1 /^m to about 0.3 
/zm. 

[004.1] Additionally, the third doped lattice matching layer 410 
preferably has a dopant concentration less than the dopant 
concentration of the doped buried layer 310. Thus, in one example, 
the doped buried layer 310 may have a dopant concentration ranging 
from about 1E19 atoms/cm^ to about 1E20 atoms-/ cm\ and the third 
doped lattice matching layer 410 may have a dopant concentration 
ranging from about 1E17 atoms/cm^ .to about 1E19 atoms/cm\ and 
preferably a dopant concentration of about 1E18 atoms/cm^. 
[0042] Also shown in the illustrative embodiment of FIGURE 4, is 
a fourth doped lattice matching layer 420 formed over the third 
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doped lattice matching layer 410.. The fourth doped lattice 
matching layer 420 may be formed using, a similar process as used to 
form the first, second and third doped Lattice matching layers 220, 
230, 410. For instance, the fourth, doped lattice matching layer 
420 may be formed to a thickness of about 0.1 /^m to about 0.3 /urn. 
Additionally, the fourth doped lattice matching layer 420 may be a 
graduated layer, similar to discussed above. 

[0043] Additionally, the fourth doped lattice matching layer 420 
preferably has a dopant concentration less than the dopant 
concentration of the. third doped- lattice matching, layer 410, Thus, 
..in one example, the doped buried layer 310 may have a. dopant 
concentration ranging from about 1E19 atoms/cm^ to about 1E20 
atoms/cm^, the third doped lattice matching layer 410 may have a- 
dopant concentration of about 1E18 atoms/cm^, and the fourth doped 
lattice matching layer 420 may have a dopant concentration ranging 
from about .1E15 atoms/cm^ to about 1E17 atoms/cm^. 
[0044] Turning now to FIGURE 5, illustrated is a cross-sectional 
view of the partially ; completed semiconductor device 200 
illustrated in FIGURE 4, after formation of a doped epitaxial layer 
510 over the doped buried layer 310. In the illustrative 
embodiment shown in FIGURE 5, the doped epitaxial layer 510 is- a 
doped silicon layer formed on the fourth doped lattice matching 
layer 420. The • doped epitaxial layer, which may be formed using 
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any conventional process, including the CVD process described 
above, preferably has a dopant concentration less than the dopant 
concentration of the fourth doped lattice matching layer 420. For 
example, if the fourth doped lattice matching layer 42 0 had a 
dopant concentration '.ranging from about 1E15 atoms/cm^ to about 
1E17 atoms/cm^, the doped epitaxial layer cpuld have a dopant 
concentration of less than about 1E15 atoms/cm^. Additionally, the 
doped epitaxial layer 510 is generally formed to a thickness 
ranging from about 1 /urn to about 10 fjm. 

[0045] Turning to FIGURE 6, illustrated is a cross -sectional 
view of the partially completed semiconductor device 200 
illustrated in FIGURE 5, after partial formation of transistors 
610. In . the illustrative embodiment shown in FIGURE 6, the 
transistors 610 include conventionally formed transistor gates 620, 
each including gate oxides 625 and gate electrodes 630. The 
transistors 610- illustrated in FIGURE 6 further include channel 
regions 635 and lightly doped source/drain regions 640, all of 
which are located in the doped epitaxial layer 510. Additionally, 
the semiconductor device 200 includes conventional isolation 
structures 645 formed between the various transistors 610, One 
skilled in the art understands how to form the transistors ' 610 
therefore, the details discussion is not necessary. . After 
completion of the semiconductor device illustrated in FIGURE 6, 
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conventional heavily doped source/drain regions are preferably 
formed, resulting in a device similar to the semiconductor device 
100 illustrated in FIGURE 1 . 

.[0046] While only first, second, third and fourth doped lattice 
matching layers 220, 230, 410,* 420 have been illustrated . and 
described, one skilled in the art understands that, the number of 
doped lattice, matching layers is virtually unlimited (e.g., they 
can approach a continuum, as opposed to discrete steps) , as long as 
the dopant concentrations of the various, doped lattice matching 
layers increase as they .. approach . the doped buried layer .310. 
Additionally, while. a dopant type has not been given for any of the 
layers 220, 230, 310, 410, 420 discussed, it can generally be 
understood that each could contain the same type dopant as. the 
doped substrate 210, for example boron. 

[0047] The placement and use of the first, and second doped 
lattice matching layers 120, 140, as well as the decrease in dopant 
concentration from the doped buried layer 130 to the first and 
second lattice matching layers 120, 140, helps to reduce lattice 
mismatch between the doped substrate 110 and the doped buried layer 
130, as well as between the doped buried layer 13 0 and the 
epitaxial layer 150. This reduction in the lattice mismatch helps 
produce a semiconductor device 100 that does not experience many of- 
the problems experienced by the prior art devices . More 
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specifically, the first and second lattice matching layers 120, 140 

help provide a semiconductor device, that is more robust and 
reliable than the prior art devices. 

[0048] Turning to FIGURE 1 , illustrated is a cross-sectional 
view of an alternative embodiment of a semiconductor device 700, 
which is in accordance with the principles of the present 
invention.. In the illustrative embodiment shown in FIGURE 7, the 
semiconductor device 7 00 includes a co-doped germanium buried layer 
720 located over a doped substrate 710. The co-doped germanium 
buried layer 720, in an exemplary embodiment > may have a boron 
dopant concentration ranging from about 1E15 atoms/cm^ to about 
.1E21 atoms/cm\ with a preferred dopant concentration of about 8E19 
atoms/cm^. In one embodiment, the dopant concentration may include 
both germanium and another p-type dopant, such as boron. 
Additionally, the germanium concentration in the co-doped germanium 
buried layer 720 may range from about 2E20 atoms/cm^ to about 7E2 0 
atoms/cm^, with a preferred dopant concentration of about 5E20 
atoms/cm^. The co-doped germanium buried layer 720 may also have 
a thickness ranging from about 1 . /zm to about 10 /^m, with a 
preferred thickness being about 5 //m. 

[0049] The semiconductor device 700 illustrated in FIGURE 7 
further includes a doped epitaxial layer 730 located over the. doped 
buried layer 720. In the illustrative embodiment shown in FIGURE 
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7, the doped substrate 710, co-doped germanium buried layer 720 and 
doped epitaxial layer 73 0 collectively have a thickness ranging 
from about 2 /im to about 20 /im.. 

[0050] .Located over the doped epitaxial layer 730 are 
conventional transistors 740. In the illustrative embodiment shown 
in FIGURE 1, each of the transistors 740 includes a transistor gate 
750, having a gate .oxide 753 and a gate electrode 757. The 
transistors 740 mqiy further include a channel region 760 located in 
the doped epitaxial layer 730. . Additionally, the transistors 740 
may include source/drain regions 770, Located between the 
transistors 740 are conventional isolation structures 780. 
[0051] The semiconductor device 700 illustrated in FIGURE 7 may 
be manufactured using a similar process as used to manufacture the 
semiconductor device 100 illustrated in FIGURES 1-6, except for the 
step of forming the co-doped germanium buried layer 720, which may 
take the place of the first and second lattice matching layers 120, 
140, or be. used in conjunction therewith. In an exemplary 
embodiment, the co-doped germanium buried layer 720 comprises, 
silicon and is formed using a CVD process. In one exemplary 
embodiment, the CVD process is conducted at a temperature ranging 
from about 950°C to about IISO^C and a deposition rate ranging from 
•about 0.1 /im to about 0.5 /im. As stated above, however, other 
ranges are within the scope of the. present invention. 
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[0052] While the embodiment illustrated in FIGURE 7 does not" 
depict that first and second doped lattice matching layers may be 
used, one skilled in the art understands that such layers may be 
used as described with respect to FIGURES 1-6, If used, the first 
and second doped lattice matching layers may also be co-doped with 
germanium, or may in an alternative embodiment, only include the 
dopant type used in the doped substrate 710 and doped epitaxial 
. layer 73 0 . 

[0053] The use of the co-doped germanium buried layer 72 0 helps 
to reduce lattice mismatch between the doped substrate 710 and the 
co-doped germanium buried layer 720, as. well as between the co- 
doped germanium buried layer 720 and the doped epitaxial layer 730. 
For example, the inclusion of the germanium within the buried layer 
compensates for silicon lattice contraction caused by heavy boron 
doping,- which in turn minimizes the interfacial lattice mismatch at 
both interfaces neighboring the co-doped germanium buried layer 
.720. More specifically, the co-doped germanium buried layer 720 
helps provide a semiconductor device that is more robust . and 
reliable than the prior art devices. 

[0054] Referring finally to FIGURE 8, illustrated is a sectional 
view of a conventional . integrated circuit (IC) 800, incorporating 
a semiconductor device 810 similar to the completed semiconductor 
device 100 illustrated in .FIGURE 1. The IC 800 may also include 
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active devices, such as Bipolar devices, BiCMOS devices, memory 
devices, or other types of active devices. The IC 800 may further 
include passive devices, such as inductors or resistors, or it may 
also include optical devices or optoelectronic devices. Those 
skilled in the art are familiar with these various types of devices 
and their manufacture. 

[0055] In the particular embodiment illustrated in FIGURE 8, the 
IC 800 includes * the semiconductor device 810 having . transistors 
815. As illustrated, the semiconductor device 810 includes first, 
second, third and fourth doped lattice matching layers 820, 825, 
830, 835, a doped buried layer 840 and a doped epitaxial layer 850, 
all of which are formed over a doped substrate 860. The IC 800 
further inclucfies dielectric layers 870 located over the transistors 
815. Additionally,: interconnect structures 880, are located within 
the dielectric layers 870, contacting the transistors 815 to form 
the operational integrated circuit 800. 

[0056] Although the present invention has ♦ been described in 
detail, those skilled in the art should understand that they can 
make various changes, substitutions and alterations herein without 
departing .from the spirit and scope of the invention in its 
broadest form. 



